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•LESSON PIR'ST. 



What is Natural Philosophy? 

Natural Philosophy explains the reasons 
OP things, and tells us about thj^^ proper- 
ties of bodies. 

What are Bodies? 

Eveiy thing we s^ is a body. 

You have learned ^bont the Attraction of Co- 
iiesion — ^is it found mall bodies? 

It is ; but it is stronger in some bodies^ thaxi it 
is in others. 

In what l)odi6s is it the strongest ? 

In ha/rd bodies. 

l)o we call.hard bodies by any other name t 

We call them solid bodies, or solids. 

Can you mention some sohd bodies ? 

^Wood, and stone, and iron, are solid bodies. 

Are cork and sponge solid bodies ? 
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They are. 

But they are soft bodies — ^are soft bodies solids ? 

You said hard bodies are solids, how then can 
soft bodies be solids ? 

Every body that is noi fluid i3 solid. 

What bodies are fluids ? 

Water, nulk, and oil are called fluids. 

How do you know that cork and sponge and 
other soft bodies are not fluids ? 

I can make a cork and sponge into any shape 
I please, anid they will remain in that shape, but 
water and other fluids will not. 

If I should place a solid and a fluid upon the 
table, how could you tell which was a solid ? 

^e solid body would remain where you put it 

What would the fluid do ? 

It would flow on the table, or down from it qu 
the floor. 

What do you mean by a fluid ? 

^mething that flows^ and will not keep its 
place, unless it is confined in a vessel. 
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Do all fluids flow like water ? 

Not all ; there are some fluids that are diflfer- 
ent from water or oil. 

Then how many kinds of bodies are there ? 

Two. 

What are their names ? 

Solids and Fluids, 

Why are some sohds hard, and other solids sqfi ? 

Because the attraction of cohesion is stronger 
in hard bodies than it is in soft- bodies. 

What do you mean by the attraction of cohesion? 

The attraction of cohesion is the power of 
sticking together which God has given to little 
particles of bodies. 

What do we call hard sohd bodies ? 

We call them dense bodies. 

What is density ? 

Hardness. 

What bodies are dense ? 

Those bodies are dense whose particles ^x^ 
close together. 
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Mention some dense bodies. 

Iron is very dense, and so is wood. 

Which has the greatest density, the iron or 
the wood? 

Iron has the greatest density. 

Why has ii'on greater density than wood ? 

Because its particles are closer together than 
the particles of wood are. 

How do you know they are ? 

It does not take so much strength to cut wood 
as it does to cut iron. 

What do you call soft solid bodies ? 

We call them rare bodies. 

What is rarity? 

Softness or thinness* ^ 

What bodies are rare ? ^^^ 

^oiSe bodieiS are rare whose particles are not 
very close to each other. 

Mention some rare bodies. 

Cdrk and sponge are rare bodies. 

Which has the greatest rarity, cork or sponge? 
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Sponge is the rarest. 

Why is sponge rarer than cork ? 

Because its particles are not attracted or drawn 
to each other as closely as the particles of cork 
are. 

How do you know they are not ? 

Because sponge is more easily separated than 
cork is. 

When you say the fog is very dense, what do 
you mean ? 

I mean the fog is very thick, and its particles 
are so very near each other, that we caimot see 
through them. 

Is steam a sohd or a fluid ? 

Steam is a fluid. 

How do you know ? 

Because it does not keep its place, and ft can- 
not be made into any shape. 

Can the air be made into any shape or figure 1 

It cannot. 

Then is the air a sohd or a fluid \ ^ 
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The air is a fluid. 

Does the air flow to the ground like water t ■ 

It does not. 

Why does it not if it is a fluid ? 

It is too light to fall to the ground. 

Where is the air ? 

It is all around us — ^it is what we breathe. 

Then we can breathe a fluid, can we not ? 

We can, and our breath itself is a fluid. 

But are air and breath such fluids as w?tter ? 

No, they are a different kind of fluid. 

What is the name given to such fluids as wa- 
ter and oil ? 

They are called liquids or nmning fluids. 

What is the name of such fluids as breath and 
vapor ? 

They are called aeriform fluids. 

What is the meaning of aeriform? 

Aeriform means air-form. 

Why are they called aeriform ? 

Because they are like air. 
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If you throw an India-rubber ball upon the 
-floor will it lie there ? 

It will not ; it wUl bound up into the air. 

What makes it bound up ? 

It is full of air; and the air in it makes it 
bound. 

Would it not bound up if it was filled with 
something besides air? 

It would, but not so high as it does when full 
of air. 

Will you teU me how the air can do this ? 

When I throw down the ball, the side that 
touches the floor is flattened or bent in, and does 
not leave as much room for the air inside of it 

What becomes of the air in it then ? 

The particles of air are pressed together so 
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closely that they do not take up as much room 
as they did before. 

What presses them together so closely ? 

The striking together of the ball and the floor, 
when you throw the ball upon the floor. 

How long will the air in the ball stay in so 
small a place 1 

Not a moment. 

What will it do ? 

« 

It will instantly spring back, an^J press out the 
flat side of the ball as roimd as it was before. 

What will the ball do then ?* 

It wUl bound up from the floor. 

What is the springing of the air called ? 

It is called Elasticity, 

When we say the air he^s the power of spring- 
ing back, what do we mean to say ? 

We mean to say that the air is elastic. 

What other bodies are elastic ? 

Every body that springs back to its first shape, 
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\srlien it has been pressed in or struck, is an elas- 
tic body. 

Can you mention some bodies that are elastic? 

Ivory, wood, and many other hard bodies are 
elastic. 

What bodies are not elastic ? 

Clay and wax are not elastic: 

How can you tell whether a body is elastic? 

By striking it against another body. 

What will it do if it is elastic ? 

It will bound back without seeming to be flat- 
tened or bent inward. 

How will it be if it is not elastic ? 

It will not bound back again, but will be flat- 
tened. 

How do you know that the air is elastic ? 

If the air in the ball is elastic, the air out of 
the ball must be elastic too. 

When *you« stretch a piece of India-rubber, 
what makes it spring back as soon as you let it go ? 

Its elasticity. 
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16 BLASTICtTT. THE SENT BOW. 

If you pull out the string of a bow, what will 
happen to the bow ? 



It will bend. 

What if you let go the string 1 

The bow will straighten as it was before. 
, "Why will it straighten? 

Because the wood of which the bow is made 
is elastic. 

Why do you pull the string hard when you fix 
the arrow to it ? ^ . 

So that the arrow may fly the farther. 

What makes the arrow fly off" when you let go 
thd string ? 
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The bow is bent when I put on the axrow, 
and the moment I let go the string, the bow 
springs back so quickly that it straightens the 
string with a jerk, and the arrow is sent into the 
air. 

Now can you tell me what it is that makes the 
arrow fly oflF from the bow ? 
It is the elasticity of the bow. 

You said the air is a fluid-^then are fluids 
elastic ? 

Some fluids are. 

What fluids are elastic ? 

Aeriform fluids are called elastic fluids. 
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When you say a body is moving^ what do you 
mean ? 

I mean that the body is changing its place. 

Then what is the meaning of the word motion? 

Motion means change of place. 

When your ball moves along the floor, what 
'puts it in motion ? 

My hand. 

When -the arrow flew through the air, what put 
it in motion ? 

The springing of the bow made it fly off. 

Then what puts bodies in motion? 

Th§ power of the body that strikes them, or 
draws them, puts them in motion. 

What is this power called ? 

It is called force. 

What ]put the arrow in motion ? 
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The force of the elasticity of the bow. 

How do you know ? 

If the bow had not been elastic, the arrow 
would never have left the string. 

When a body is moving^, what makes it stop ? 

The power or force of something else makes it 
stop. 

What makes an arrow stop moving, after it 
has been shot into the air ? 

if it falls to the ground, it is the force of the 
attraction of gravitation that brings it down. 

if it goes into a tree or a board, what force 
stops it then ? 

The force of the cohesive attraction of the par- 
ticles of wood stops it. 

How does the cohesive attraction stop it ? 

It keeps the particles of wood so closely to* 
gether that the arrow cannot separate them. 

When the wood will not permit the arrow to go 
through it, what do we say the wood does ? 

We say the wood resists the arrow* 

^ B 
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20 MOTION. 

Which is it that resists the arrow, the particles 
of wood, or the cohesive attraction that draws 
tite particles together ? 

It is the attraction of cohesidh. 

How do you know ? 

If the cohesion could be taken from the wood, 
the arrow would pass through it. 

When you throw a ball into the air, will it 
move aU the time as fast as it did when you first 
threw it ? . ^: 

It will not, but will go slower and slower till it 
falls. 

When the motion of a body becomes silowey 
and slower, what do we call such motion ? 

We call it retarded motion. 

What is the meaning of retarded ? 

Any thing is retarded that goes slower and 
slower. 

If you were running, how could you retard 
your motion ? 

By beginning to walk. 
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. If you were walking, and should begin to run, 
and should continue to run faster and faster, what 
kind of motion would that be ? 

It would be decelerated motion. 

What do you mean by accelerated motion ? 

Quickened mo^on. 

If you were walking, and should not go any 
faster or any slower, what motion would that be? 

It would be uniform motion. 

What is meant by .uniform motion ? 

Motion that is always alike, never slower or 
faster. 

Mention some body that always moves alike. 

The minute hand of a watch, and all the wheels 
la a watch move just as fast at one time as they 
do at another. 

Then what is the motion of a watch? 

It is uniform motion. 

When a ball is falling to the ground, what 1$ 
Its motion ? 

It is accelerated motion. 
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Why is it accelerated ? 

Because the attraction of tlie earth draws it 
more and more, the nearer it comes to the earth, 
and this makes the ball fall faster and faster. 

When you throw up a ball, what is its motion ? 

It is retarded motion. 

Why is it retarded motion ? 

Because, the attraction of the earth draws it 
down when my hand sends it up, and this makes 
the ball go slower and slower, till it finally falls 
to the ground. 

How many kinds of motion have you men- 
tioned? 

Three. 

What are they called ? 

Retarded motion, accelerated motion, and unU 
form motion. 

How does a body move when its motion is te* 
tarded ? 

Slower and slower. 

How when its motion is accelerated ? 
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Faster and faster. 

How when its motion is uniform ? 

Neither faster nor slower, but always alike. 

When you say a ball ascends, what do you 
mean? 

I mean that the ball goes up^ or rises. 

When a body descends, what doQg it do ? 

It*goes down, or falls. 

What kind of motion does a body have when 
it ascends ? 

Retarded motion, because it rises slower and 
slower. 

What is the motion of a body when it descends ? 

Accelerated motion, because it falls quicker 
and quicker. 

What is the motion of water when it is falling 
in a cataract? 

It is accelerated motion. 
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When you throw a ball against the wall, what 
becomes of the ball ? 

It will bound back, as if the wall threw it back 
to me. 

What is its motion from the wall back to you 

called ? 

It is called reflected motion. 

What is meant by reflected motion ? 

The motion made by throwing back any thing. 

What is the meaning of the word reflect ? 

It means to throw back agam. . 

Then when I say a body is reflected, what do 
I mean ? 

You mean that the body is thrown back again. 

If I should strike a ball to make it go one way, 
and you should strike it to make it go another 
way, what would its motion be callod ? 
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It wotild be called compound motion. 

Why would it be called compound motion ? 

Because it would be two motions put together. 

What two motions would it be ? 

The motion which your hand gave it, and the 
motion which my hand gave it at the same time'. 

Which way would the ball move if we struck 
it together ? 

It would not go the way your hand sent it, nor 
the way my hand sent it, but it would move be- 
tween those ways. 

Here is a diagram which wiU show you how 
the ball would move. 




When you hold a string that is tied to a ball, and 
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swing the ball round, what is the motion of the 

baU? 

It is circviar motion. 

Why is it called circida/r motion ? 

Because the ball moves round in a circle. 

What is the motion of the earth around the 
sun called ? 

It is called circular motion. 

Why? 

Because the earth moves in a cirQle around 

the sun. 

Here is a diagram which shows you what cir- 
cular motion is. 




If you throw your ball forward, will it fall 
down to the ground in a straight line ? 
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No, it will make a curved line, like the dia- 
gram. 



What then is the motion of the ball called ? 
It is called curvilinear motion. 
What is the meaning of curvilinear? 
Carved line. 

Then what is cmrilinear motion ? 
Motion in a curved line. 
What makes the ball move in a curved line ? 
My hand sends it straight forward, and the at- 
traction of the earth draws it straiofht down. 
Then whioh way will the ball move ? 
It cannot go either way, but goes bc^tweeo. 
Then is curvilinear motion compound motion ? 
It is. 
Why? 
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Because it is the motion made by my hand, 
end the attraction of gravitation together. 

Is circular motion compound motion also ? 

It is. 

Whyt 

Because it is made by throwing the ball into 
the air, while, at the same time you keep it from 
going off by holding the string. 

How is the circular motion of the earth com- 
pound motion too ? 

The centrifugal force makes it go from the 
centre, and the centripetal force draws it to the 
centre. 

To what centre ? 

The sun, because the earth moves round liid 
suiL 
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When a pendumm to a clock swipgs back- 
wards and forwards, does it move in a straight 
line? 




It does not ; the line is curved like a part of a 
circle. 

Wliy does it not. swing quite around the place 
where it is fastened, just as the ball does when 
70U whirl it round your hand ? 

The attraction of gravitation draws the pendu- 



30 ATTRACTION OF O R A V I T A T I If . 

lum down towards the ground when it begins to 
go up. 

Then why does not the pendulum stop, instead 
of going up the other side ? 

Because it goes down so fast that it cannot 
stop in an instant. 

What is this like ? 

Like a boy sliding down hiU. 



How does he go ? 

He goes so fast down the hill that when he 
gets to the bottom he cannot stop, but goes part 
way up the next before the sled stands still. 
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How would it be if somebody should push him 
down this second hiU? 

He would go part of the way again up the first 

And how is this like a pendulum ? 

When my hand strikes the pendulum, it wiU 
go down as far as it can, and because it cannot 
stop itself it will go up the other side. 

What win it do then? 

The earth will draw it down again so fast as to 
send it up the side from which it started. 

How long will it go so ? 

Sometimes it will go a great many days. 

Could it not be made to go forever without 
stopping? 

It could not. 

Why could it not ? 

Because the attraction of the earth would final- 
ly stop it. 

What amusement have the Russians like slid- 
ing down hill ? 

They have a Mountain of Sledges. 
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Can you tell how it is made ? 

It is a kind of wooden mountain, made of three 
hills, ono above the other, with a valley between 
each hill. 

How do they get to the top of it? 

They walk up one hill, then down into the 
Uttle valley, then up a higher hill, and down into 
another valley, and then up into the top of the 
mountain. 

How do they amuse themselves on this moun- 
tain? 

There are three roads down the moimtain, and 
at the top of one of these roads is a Uttle car- 
riage, just big enough to carry one person down 
the hiU. As soon as the carriage is set in mo- 
tion, it goes down the first hill very swiftly in-» 
deed. 

Would it then stop ? 

It could not stop. 

Why could it not ? 

Because it came down the hill so fast that it 
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would roll across the little valley and up to the 
top of the next hill. 

What keeps a pendulum in motion all tiiie 
time? 

The wheels that are inside of the clock. 

What makes the wheels move ? 

The weights that draw the strings that are 
fastened to the wheels. 

How long will the pendulum swing before it 
stops? ^ 

Till the wheels stop moving^ 

How long will the wheels move around ? 

Till the weights reach the bottom of the clock. 

How can they be put in motion again ? . 

By wiading up the strings that fasten the 
weights to the wheels. 

What makes the weights go down to the bo^ 
tom of the clock ? 

Tl^e attraction of gravitation. 

What is the attraction of gravitation ? 

The attraction of the earth. 
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Then when a clock goes, what does the attrac- 
tion of gravitation do to make it go ? 

It keeps the wheels in motion, and the pendu- 
lum swinging. 

How fast does a pendulum commonly swing 
backwards and forwards ? 

Once in every second, which would make six- 
ty times every minute. 

Can any thing be made to move forever with- 
out stopping ? 

No, nothing. 

Has any one ever tried fo make a body move 
forever 1 

Yes, many have tried, but they could not do it 

Why can it not be done ? 

Because the attraction of the earth is so great 
that it will always stop the motion at last. 

If a body should move forever, what would its 
motion be called ? 

Perpetual motion. 

What is the meaning of perpetual? 
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Perpetual means never-ending. 

Then what is perpetual motion ? 

Never-ending motion. 

How many motions have you learned about ? 

Eight. 

What is the first ? 

Retarded motion, or motion that becomes slow- 
er and slower. 

What is the second ? 

Accelerated motion, or motion that becomes 
faster and faster. 

The third? 

Uniform motion, or motion that is always alike, 

The fourth? 

Reflected motion, or moving back again; 

The fifth? 

Compound motion, or two motions together. 

The sixth? 

Circular motion, or moticm in a circle. 

The seventh ? 
c 
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Curvilinear motion, or motion in a curved line. 
The eighth? 

Perpetual motion, or motion that will never 
stop. 
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How do children play at see-saw ? 

They take a ^ank of wood, and lay it across 
a block or a fence, and then one sits on each end, 
and they swing up and down the see-saw. 

"What is a plank sometimes called ? 

It is called a leoer. 

What is a lever? 

A rod or plank that will not bend is a lever. 

What is the block that it rests upon called ? 
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It is called a fulcrum. 

What is a fulcrum ? 

That which the lever or plank stands upon, 
when its ends are moving up and down. 

If the plank was laid across a fence, when you 
play at see-saw, what would be its fulcrum ? 

That part of the fence that it lies across. 

What are the parts of the lever each side of 
the fulcrum sometimes called ? 

They are called arms of the lever. 

Then if you were playing at see-saw, where 
would the arms of the lever be ? 

I should sit on one arm of the lever, and my 
companion would sit on the other arm. 

If you are just as heavy as your companion, 
where must the block, or the fulcrum of the 
plank, be placed ? 

Exactly in the middle, so that one arm may be 
just as long as the other. ' 

Then if you sat still upon the plank, would it 
move up and down ? 
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Each Qxm would exaxjtly balance tlie other, 
and it would stand still. 

When do bodies balance each other ? 

When one is just as heavy as the other. 

If your companion was twice as heavy as you 
are, how must the pliank be placed on the ful- 
crum? ^ 

So that the arm on which I sit may be twice 
as long as hers. 

Where would the fulcrum be then ? 

Near my companion. 

What power sets the lever in motion up and 
down? 

We are the power ; because I strike my feet 
on the ground so as to send myself up, and that 
makes my companion go down, and then she 
does the same and goes up while I go down. 

If 9 stone much heavier than yourself should 
be placed on one arm of the lever, how could 
you raise up the stone ? 

By putting the fulcrum so near it, that the arm 
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on which the stone lies would be very short, and 
the other very long. 

Would you have to use much strength to raise 
it then ? 

I should not if the long arm was very heavy. 

Why would you not ? 

Because the long arm would be so heavy that 
it would almost raise the stone on the other arm 
of itself 

Then, what is the use of the lever? 

It assists us iQ raising large and heavy bodies. 

In raising the stone what was the power ? 

My hand. 

What the weight ? 

The stone. 

What the fulcrum ? 

The block upon which the lever rested. 

Whpre was the fulcrum placed ? 

Between the power and the weight, or between 
the hand and the stcme. 

Is a pair of scissors like a lever ) 
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Yes, it is two levers fastened together. 
Do both levers move the same way? 
No, when one moves up, the other goes down 
till they meet together. 




What is the fqlcrum of each lever ? 

They both have the same fulcrum. 

What is it? 

Each lies across the other, and they are fast- 
ened together in that place by a small rivet or 
screw that goes through them. 

Then what is the true fulcrum of the scissors ? 

The rivet that fastens the scissors together. 

What is the power that moves these levers ? 

My hand. 

What is the weight of each lever? 

Tf I am cutting paper, the paper is the weight. 
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Will you tell me why the paper is the weight ? 

Because when I am cutting it, I lift the paper 
up with the lever which my thumb draws down, 
and press down the paper with the lever which 
my fingers draw up. 

How will this cut the paper ? 

The levers are screwed so tight to each other, 
that when they come together there is no rooin 
for the paper between them. 

What becomes of the paper then ? 

One part of the paper remains on one side of 
the scissors, and the other part is on the- other 
side, and the scissors are between them. 

Then what have the scissors done to the paper ? 

They have divided it. 

Are the scissors the same kind of lever as the 
see-saw ? 

They are. 

How do you know they are ? 

Because in them both the power is at one end, 
the weight at the other, and the fulcrum between. 
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When a merchant weighs out a pound of su- 
gar, how does he do it ? 

He takes a pair of scales or balances^ like this 
picture, 




and puts a piece of lead that weighs exactly a 
poimd into one of the scales. 

Then what does he do with the sugar ? 

He puts just as much sugar into the other scale 
as wlU lift up the weight in the first scale. 

How dari he tell when he has put in a pomid 
of sugar? 

When one scale is just as heavy as the other, 
then the sugar is weighed right. 

Are these scales like a lever? 

Ye9, they are a lever. 

Which is the fulcrum ? 
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The place where they are hung up is the ful- 
crum. 

Whatisthe we^ht? 

The sugar is the weight. 

What is the power that raises the sugar ? 

The lead in the other scale. 

Then, is not the lever very useful ? 

It is ;. it would be very difficult for us to do 
many things without the lever. 
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When you open a door, which is the weight 
that you move ? 

The door is the weight. 

What is the fulcrum ? 

The hinges are the fulcrum. 

What is the power ? 

My hand. 

Is the door such a kind of lever as the see- 
saw? 

It is not. 

Why is it not? 

Because the weight is between the power and 
the fiilcrum. 

How is it with the see-saw ? 

The fulcrum is between the power and the 
weight 

Is there any other kind of lever ? 
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There is one more. 

What is it? 

It is a lever which has the power between the 
weight and the fulcniin. 

Have you ever seen such a lever ? 

Yes; when I have seen a man raising a ladder 
against the wall. 



What was the fulcrum? 
The ground on which the bottom of the ladder 
rests. 
What the weight ? 
The ladder. 
What was the power ? 
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The strength of his hands. 

Then how many kinds of levers are there ? 

Three kinds. 

What is the first ? 

One where the fiilcrum is between the power 
and the weight — as the see-saw. 

What the second ? 

One where the weight is between the power 
and the fulcrum — ^as the door. 

What the third? 

Where the power is between the fulcrum and 
the weight — as a man raising a ladder. 

What is another way of raising weights besides 
the lever ? 

The wheel and axie. 

What is the shape of a wheel ? 

It is roimd Uke a hoop, with sticks called 
spokes going from the outside to the centre. 

What is the axle of a wheel ? 

The place where the spokes are fastened in 
the centre of the wheel. 
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Here is "b picture of a wheel and axle. 




What is the use of a wheel and axle ? 

It is used to raise weights. 

Have you ever seen a wheel and axle used in 
raising a weight ? 

Some wells have a wheel and axle to raise up 
the bucket of water out of them. 

How is it done ? 

The rope or chain on which the bucket hangs 
is fastened to the axle, and so when the wheel 
turns around, the rope winds around the axle till 
the bucket comes up. 
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Can you tell how a wheel and axle is like a 
lever ? 

The spokes are the long arms of the lever, and 
the parts of them that go into the axle are the 
short arms. 

Why will a ball roll down upon the floor if 
you place it upon a desk ? 

Because the desk is not level like a table, but 
inclines downward. 

What may a desk then be called ? 

An inclined plane. 

What is a plane ? 

A smooth surface. 

What is an inclined plane ? 

A smooth surface that slopes or iQclines down 
ward. 

What is the use of an inclined plane ? 

It is used to raise weights. 

How is a weight raised easier by an inclined 
plane than without it ? 

If we put . one end of a long board upon a 
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wagon, and let the other rest upon the ground, 
and roll a barrel up die board into the wag-on, 
we shall find it much easier than it would bo to 
lift it straight up from the ground into the wag-on. 
Here is a picture of an inclined plane, wiUi a 
weight rolling up upon it. 
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What is the shape of the blade of a knife ? 

.It is Uke two incUned planes put together. 

What would the blade of a knife be called in 
Philosophy ? 

It would be called a wedge. 

What is a wedge ? 

It is like two inclined planes put together, so 
as to have a sharp edge on one side, where they 
meet. 

Of what use is a wedge ? 

We could not cut or divide any thing if there 
were no wedges. 

Mention the names of some wedges. 

A knife is a wedge, and so is an axe, and al- 
most all cutting instruments are wedges. 



Here is a picture of a wedge. 



Have you ever seen a screw? 

I have very often. 

Where have you seen them ? 

A pair of scissors is fastei]»d together with a 
httle screw, and hinges and locks are fastened 
. upon doors with screws. 

Why are not nails as good as screws to^ fasten 
them with ? 

A iiaH might be pulled out, but the sharp edge 
that rises and wmds around the screw, keeps it 
in tight, just where it is ifastened. 
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What is a screw like? 



It is much hke a round nail with a shatp 
wedge wound ^ound it. 
Here is the picture of a screw. ■ 



Of what use is *he sharp edge or wedge around 
the screw ? 

It cuts the wood where it goes in while we are 
turning it 

What is a pulley ? 

A pulley is a httle wheel with it§ edge hoBow- 
ed out so as to make a place for a coid to wind 
around it. 
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Here is one with a cord upon it 




Of what use is a pulley ? 

Weights are raised by means of pulleys, and 
removed to other places. 

How do they help people to raise weights ? 

The weight is fastened to one end of the cord, 
and a person can raise the weight by pulling 
down the other end of the cord. 

How are buckets of water sometimes raised 
out of a well? 

A rope is put over a large pulley, a good wajrs 
above the top of the well, and the bucket is fast- 
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ened to one end of it, and a large stone > to the 
other. 

How is an empty bijcket drawn down into the 
weU? 

We pull down that end of the rope on which 
the bucket hangs, and the stone on the other end 
rises. 

Then, what do you do t 

When the bucket has filled with water, we 
can raise it with a very little strength, because 
the stone on the other end is so heavy that it al- 
most lifts up the bucket itself 

How many kinds of pulleys are there ? 

Two ; the fixed puUe;^ and the moveable pul- 
ley. 

What is a fixed pulley ? 

A pulley that does not turn round like a wheel 

What is a moveable pulley ? 

A pulley that does turn like a wheel. 

Which is the most useful ? 

The moveable pulley. 
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Picture of a well and bucket raised by a pul- 
ley. 
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WhaI' are "the lever, wheel, pulley, inclined 
plane, wedge, and screw, called in Philosophy ? 

They are called mechanic powers. 

What do you mean by mechanic powers ? 

The power of machines or instruments. 

Of what use are the mechanic powers ? 

They help us to raise and move very large 
weights, and to divide and cut hard bodies into 
any shape we please. 

Can you mention some useful machines or in- 
struments ? 

Coffee-mills, clocks and watches, and steam- 
boats, are useful machines. 

Of what use are steamboats ? 

They carry very heavy loads of goods and 
people, across the water much faster than vessels 
can. . 
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How can they do this ? 

By means of the power of the machinery in 
them. 

What keeps the machinery in motion? 

The power of the steam in the boilers. 

How can the carriages on rail-roads move on 
80 very rapidly ? 



It is by means of the power of the machines 
in them. 

Does steam keep these machines in motion? 

In some carriages it does, but in others, horses 
keep the machinery in motion. 
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What is the meaning of machine or machinery? 

When several instruments or mechanical pow- 
ers are put together, we call the whole a machine 
or machinery. 

What did you say kept the machinery of 
steamboats in motion? 

The steam in boilers. 

What is steam called when it moves machi- 
nery? 

It is called a moving power. 

Then what is the moving power of steam<- 
boats ? 

Steam. 

What is the moving power of rail-road cars ? 

Steam and horses. 

What is the moving power of a clock ? 

Weight or gravitation. 

How do you know ? 

It is gravitation which draws down the weights 
that turn the wheels, and keep the clock going. 
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In millB and manufactories upon the banks of 
rivers, what is the moving power ? 

The water. 

How do you know ? 

It is the water running upon the great wheels 
that keeps them turning, because when the stream 
is very low, or almost dry, the wheels stop turn- 
ing. 

Is water the moving power of all mills ? 

No .; the moving power of some mills is wind. 

What are such mills called ? 

Windmills, 

When animals or men move machines, what 
do we say the moving power of such machines 
or instnmients is ? 

Animal strengtn, or the strength of men and 
animals, is their moving power. 

Who has provided the moving powers of all 
machines ? 

The Creator of the world. 

What good have they done for man ? 
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They save him from much very hard labor. 

How do they do this ? 

It would take all the strength of a great many 
men to lift, and carry, and cut a great many 
heavy and hard bodies, that one man can do 
alone with a machine. 

Can you mention one example ? 

In cotton factories, where cotton cloth is made^ 
they have liiachines to card and spin, and weave ; 
so that a very few persons can make himdreds 
or thousands of yards of cloth in a day from cot- 
ton that is brought in that morning. 

Can you mention another example ? 

On rail-roads, a httle steam-engine can draw 
a great many heavy loaded carriages thirty miles 
in one hour. 

Who teaches man how to save his labor by 
contriving these machines ? 

Our Creator. 

How does he teach us ? 

He made the wood and iron of which ma- 
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chines ar^ made ; -and the wind and water and 
strength, that moves them ; and the min,d in us 
that thinks and contrives how to use these things. 

Can you describe a machine so curious that it 
could never have been made without a great deal 
of thinking and contriving ? 

A man in England made two clocks, and sold 
them to some gentlemen, who sent them as a 
present to the Emperor of China. Each clock 
was in the shape of a little chariot. A very 
small ladj/ sits gracefully in it. Her right hand 
is leaning upon the chariot. Under her hand is 
a curious Uttle clock, about as large as a shilling 
piece. This clock strikes every hour, and will 
go eight days without being wound up. Upon 
the lady's finger sits a beautiful little bird, adorn- 
ed with diamonds and rubies. Its tiny wings are 
spread out ready to fly, and if a diamond button 
below it is touched, the bird will flutter for some 
time. 

What makes the bird move ? 
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Its little body is Ml of very small wheels 
which make it move. 

How large is the whole body of the bird ? 

About the Size of a. pea. 

Can you tell any thing more about the clock 
chariot ? 

The lady holds in her left hand a gold tube, 
no larger than a large pin. On the top of this 
tube is a small round box. Around this box is a 
ring made with gold and diamonds, not larger 
than a sixpence. This ring goes round and 
round the box, three hours at a time without 
stopping. 

Can you tell what is over the lady's head ? 

There are two small umbrellas, standing upon 
a pillar no larger than a quill. Under the largest 
imibrella is a Uttle bell which strikes every hour. 
At the lady's feet is a golden rfo^T, and before it 
are two little birds fastened upon springs. Their 
wings and feathers are very brilliant with prer* 
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cions stones, and they seem to be flying away 
with the chariot. 

How can the chariot move along ? 

By means of springs and wheels' that are out 
of sight. If they are touched they can make the 
chariot go straight forward, or in a circle, or in 
any way that you wish. 

What is behind the chariot ? 

A httle golden Joy, taking hold of it and seem- 
mg to push it along. Above the umbrella are 
jlorvers and ornaments of precious stones ; and 
at the top of the whole stands a httle flying drag- 
on, made of the same brilliant stones. 

What good lesson should we learn from this 
story? 

That the man who made these wonderful 
clocks had great skill ; and that God who made 
the man, and gave him so much skill, must be 
more skilful than all the men in the world — 
more skillful than we can think. 
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If you let go of your book what will it do ? 

It will fall to the ground. 

What power draws it to the ground ? 

The power oi gravitation. 

Does this power show itself every where, 
when bodies have nothing to hold them up ? 

It does. 

What kind of a power do we call the power 
of gravitation ? 

A natural power. 

What do you mean by a natural power ? 

A power that God has given to bodies, and 
that man cannot make 

Is there any other power besides natural power? 

Yes ; there are mechanical powers. 

What kind of power is mechanical power ? 
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The powers that mechanics have — such as 
pulleys, levers, and wheels. 

If a stream of water runs very swiftly under a 
wheel that is partly in it, what will the wheel do ? 

It will turn over continually. 

What will make the wheel turn ? 

The water that runs along under it. 

Does man give this power to running water ? 

He does not ; God gives it. 

Then is the power of runmng water a natural 
or a mechanical power ? 

It is a natural power. 

When the wind blows against the vanes of a 
windmill, what does the wheel do ? 

It turns round very fast. 

What makes it turn ? 

The power of the wind. 

What is wind ? 

Wind \^ moving air. 

Is the power of moving air made by man ? 

It is not ; God made it. 
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Then, is moving air a natural or a mechanical 
power? 

It is a natm'al power. 

When you throw a ball, what becomes of it ? 

It moves on in the direction in which I threw it. 

What makes the ball move on ? 

The power of my arm. 

Do you make this power ? 

I do not ; God made it. 

What do you call this power that God has 
given to men and animals ? 

We caU it animal strength. 

Then is animal strength a natural or a me- 
chanical power ? 

It is a natural power. 

What other name is given to power. 

Power is sometimes c^eA force. 

Then how many natural forces are there ? 

Four. 

What are they \ 

Gravitation^ or the weight of solid bodies — the 

E 
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force of Jlomng water — ^the force of moving air, 
and animal strength. 

Could men make machines without these nat- 
ural forces? 

They could not 

Which of the natural forces assists men in all 
machines ? 

Gravitation. 

Which natural force helps men in their mills 
and factories ? 

The force of flowing water. 

Can there be mechanical power without nat- 
ural power? 

There cannot. 

How do you know there cannot? 

Because all machines have weight, or some- 
thing that draws them down to the earth, and 
many have the power of running water to help 
them to move. 

Can there be natural power without mechan- 
ical power ? 
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There can. 

How do you know ? 

There is no mechanical power to bring an ap- 
ple down to the ground : gravitation can do it 
alone ; and running water will cany a boat along, 
and sometimes tear up trees, and roll rocks over 
a cataract without any help. 

Do all animals have the same strength ? 

No ; some are very weak, like tiie lamb, and 
others are strong, like the Hon. 

Are all men equally strong ? 

No ; some men have ten times more strength 
than others. 

Can you mention the name of a very strong 
man? 

Sampson, whose story is in the Bible, was the 
strongest man that ever Uved. 

What wonderful thing did he do by his 
strength ? 

He was carried by his enemies, the Philistines, 
into the house of their god, so that the people 
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might make sport of him, because his eyes were 
put out. The house was full of men and women. 
It was so very large that there were upon the 
roof about tUree thousand men and women, that 
beheld while Sampson made sport. 

" And Sampson called unto the Lord, and said, 
O Lord God, strengthen me, I pray thee, only 
this once, O God, that I may be at once avenged 
of the Philistines for my two eyes. 

" Andr Sampson took hold of the two middle 
pillars upon which the house stood, and on which 
it was borne up, of one with his right hand, and 
of the other with his left. 

" And Sampson said, let me die with the Phil- 
istines. And he bowed himself with all his might, 
and the house fell upon all the people that were 
in it." 

Do common men ever show very great strength? 

They often do. 

Can you mention any such men ? 
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The men who cany travelers up the moxin- 
tains in Peru, show very great strength. 

How do they show it V 

They will carry loads that weigh two hundred 
pounds, during eight or nine hours a day, up the 
mountains. 

What are thiese men called ? 

Carueros, or carriers. 

Which has the greatest weight, a cannon ball 
or a bullet ? 

A cannon ball. 

If you could throw a cannon ball against a thin 
board, would it go through the board ? 

It would not. 

If a bullet should be shot out of a gun, would 
It go through the board ? 

It would. 

Why would the bullet go through when the 
cannon ball, which is much heavier, would not ? 

Because the bullet goes so much faster than 
the ball. 
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What is swift motion called ? 

Velocity. 

Then why will the bullet go through the board, 
when the ball will not ? 

Because the weight and velocity of the bullet 
together, is greater than the weight and velocity 
of the ball when put together. 

When weight and velocity are put together 
what is the whole called ? 

The momentum of the bod \ 

Which momentum is greatest, then, that of a 
cannon ball thrown by the hand, or that of a bul- 
let fired from a gun ? 

That of the bullet. 

How could you increase the momentum of the 
cannon ball ? 

By firing it from a cannon. 
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Which would a sled slide down most easily, a 
liill of sand, or a hill of ice ? 

The hill of ice. ^ 

Why would it slide most easily over that ? 

Because sand is rougher than ice. 

Then does the roughness of the sand hinder 
the sled from sUding down ? 

It does. 

What is the name that philosophers give to 
this roughness when bodies are rubbing against 
each other ? 

They call ii friction. 

Which can you turn most easily, a rusty lock 
or a bright one ? 

TThe bright one. 

Then, which lock has most friction ? 
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The rusty one. 

Why will a person sUp down upon ice, and not 
upon stone or earth ? 

Because there is more friction when his feet 
rub against the stone than when they rub against 
the ic(B. 

How could the rusty lock be made to turn as 
easily as a bright one ? 

By oiling it. 

Why would oiUng it make it turn easily ? 

It would take away some of the friction. 

How would it take away the friction ? 

By making the iron smooth. 

Can you mention another example of friction ? 

I have heard carriage wheels creak, because 
they wanted greasing. 

Why do people grease carriage wheels 1 

To make then smooth and turn easily. 

Why will the grease make them turn easily ? 

It destroys some of the friction made by the 
rust and rough iron. 
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Why do drivers of carriages, when gQing down 
steep mountains, fasten one of the wheels so iJbat 
it cannot turn? 

To increase the friction of the wheel, and pre- 
vent the carriage from going down so fast. 

What does increasing the friction mean ? 

Making it more difficult for the wheels to go 
down hill. 

How fnany kinds of friction are there ? 

Two. 

What are they called 1 

The dragging and the rolling friction' 

Can you mention an example of dragging 
jfriction ? 

The phained wheel dragged down the hill. 

What is an example of rolling friction ? 

Wheels when they are turning or rolling. 

When the walks are covered with ice why is 
it difficult to walk upon them without slipping? 

Because there is not friction enough. 



What, would happen to us if there was Ho 
friction ? 

We could not walk a step before we should 
begin to slip along very fast, and could not stop 
ourselres. 

How do people increase the friction when the 
Valks are covered with ice ? 



They throw sand or ashes, or something rough 
upon them ? 

Could }ou hold any thing in your hand if there 
was no friction ? 

Not without difficulty. 



Why? 

because it would slip through so ewily. 

Then, is not friction very useful ? 

It is ; for I <5ould not hold my knife and fwrk, 
or book, very easily, without friction. 

How do people travel from Mount Cems, in 
Europe, to the town of Laneburg ? 

On the top of the steep snowy precipice, the 
traveler gets into a sledge and sUdes down so 
swiftly that he goes three miles in seven or eight 
minutes, and his breath is almost taken away 
from him by the motion. 

What makes him go down so fast ? 

The ice is so smooth that there is scarcely any 
friction when the sledge ghdes over it. 

Why is it much easier to travel and to carry 
heavy loads upon snow, than upon the ground ? 

Because the snow is so very smooth, that the 
friction is almost destroyed, and the runners sHde 
along more easily than wheels roll along the 
ground. 
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Why would not wheels go as well upon snow 
and ice, as the runners of sleds ? 

Because the wheels would sometimes roll and 
sometimes slide along, and the horse woulc^ find 
it difficult to draw the carriage steadily and 
safely. 
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Do you recollect what you learned about 
springs? 

I learned that they wef e made by Ihe water 
under ground, bursting out at the top, when it 
could go no farther under ground. 

When a spring bursts out a Uttle while, and 
then stops, and then goes on again, and continues 
stopping and going on, what is it called ? 

It is called an intermitting spring. 

What is the meaning of intermitting? 

Any thing that sometimes goes and sometimes 
stops, is called intermitting. 

Can you tell what is the cause of intermittiilg 
springs? "<^.v 

They stop or intermit at times, because there 
is not enough water under the ground to keep 
ehem running the whole time. 
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Why do some of these springs run in dry 
weather^ and stop in wet weather ? 

Because when it rains, it takes some time £or 
the water to run down into the earth where the 
basin of clay is, and by the time it gets there the 
rain is over, and it is dry weather. 

Why does it stop running in wet weather ? 

Because all the water in the basin under 
ground, will run out before it rains again, and so 
while it rains, the spring must stop runnmg tiU 
the water has time to run down through the earth 
and fill the clay basin ; and by that time it will 
be dry weather again. 

Why are not all springs intermitting springs ? 

Because some basins are so large that they are 
never empty, from one rain to another. 

Does the rain make all springs ? 

It does not. 

What besides rain causes springs ? 

The springs which are near those mountains 
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that are always covered with snow, are made by 
the melted snow ? 

What would become of the water that flows 
from the springs, if there should be mountains 
and hills all around them ? 

They would fill up the valley between the 
hills, and this would form a lake. 

Where would the water go when the valley 
was filled up with it ? 

It would flow cut of the first opening it could 
find, and become a river. 

Are there any such lakes and rivers in the 
world ? * 

Yes; many. 

Will you mention one ? 

Lake Geneva, in Switzerland, is formed so. 

You may tell v/hat you know about it. 

The river Rhone ran down from the mountains 
till it came ta this valley made by the high hills 
all around it, and there it stayed till it had filled 
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it and found an opening, and theii the river rail 
on to the ocean. 

What is this valley full of water called now ? 

Lake Geneva, and it is a beautiful lake almost 
at the top of the mountains. 

Are all lakes fonned in this way ? 

The most of the lakes in the world ar^. 

Then, What is a lake ? 

A valley full of water. 

Are lakes always full of water? 

They are not always ; some are dry part of 
the year. 

Can you mention any ? 

Lake Merow, is such a lake, in Pakstilie. 

What can you say of lake Merow ? 

It is a small lake made by the river Gordon. 
When the ^nows on Moimt Lebanon melt, and 
run down in the Jordon, this lake is full, and is 
several miles long; but when the hot weather 
comes on, it dries up. 

Do you know of any other such lake ? 
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In Germany there is one called Cirenitz lake. 

Will you describe it ? 

It is four or five miles in length, and about two 
miles wide. All around it ar§ wooded mountains, 
in which Uve deer, wild boars, and hares. A 
part of the year the people come here in boats to 
fish, and the other part they may sow and reap 
grain, and hunt these animals. 

Can you tell about a very curious way of fish- 
ing these people have ? 

When the water goes out of the lake, it runs 
through eighteen holes at the bottom, carrying 
the fish with it. This makes so many Uttle 
whirlpools. When the water has all run tlyough, 
the peasants go down with lights into one of 
these cavities. This cavity or hole is several 
feet under the bottom of the lake, in a sohd rock. 
Here the water runs down again, through small 
holes as through a seive, and the poor fishes are 
left behind for the peasants to catch. 



64 XAKES. 

Can you mention any more remaikable ao 
oomits about this lake ? 

When it begins to rain hard, three of these 
cavities spout up water to the height of twelve 
or eighteen feet. If the rain continues, and it 
thunders, the water will bubble out of the holes 
through which it had run, and the whole lake 
will fill again in a single day. Sometimes, not 
only fish, but live ducks, with grass and fish in 
their stomachs, will come up with the water out 
of tihe holes. 
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What very remarkable lake do you read of ia 
the Bible ? 

Lake Asphaltites, or as it was often called, the 
Dead sea. 

What do you know about this lake ? . 

It is supposed to have been caused by the de- 
struction of Sodom and Gomorrah. 

How does it differ from other lakes ? 

The water in it tastes salt, and different from 
sea water. 

What is found mixed with the water to give it 
such a taste ? 

• Salt, and magnesia, and bitumen. 

What is bitumen ? 

It is some like tar, and will bum like oil when 
set on fire. 
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Do you know of any other wonderful lake in 
Asia ? 

In the northern part of Asia, is a large lake 
which throws up.a liquid which the people col- 
lect and put in their lamps to bum. 

Are there any springs in the world like these 
lakes ? 

In Italy there are oily springs. 

What can you say of them ? 

Their surfaces are covered with oil, that smells 
very fragrant when it is burning, and is of* differ- 
ent colors. 

How much oil is collected from some of these 
springs ? 

From one spring near the Appenine mountains, 
which comes out of a rock, people can collect 
twelve pounds in one week. 

What is the name of this rock oil ? 

Petroleum. 

What is the meaniag of \he,'wordi petroleum? 

Petre means rock, and oleum means oil. 
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Why ig it called rock oil ? 

Because it comes up from rocks. 

Is this oil ever found upon the sw ? 

It is found in the sea near mount Vesuvius. 

How does it first show itself on the water ? 

While it is rising to the top of the sea, the 
water seems to be covered with bubbles. 

How do people gather it ? 

They skim it oflF as they sit in their boats, and 
then put it into pots and jars. 

Does this petroleum rise to the top of the wa- 
ter all the time ? 

It rises only in warm weather. 

What different colors has the oil ? 

Some is white, some yellow, some red, and 
some black ? 

Which oil is the best ? 

The white clear oil. 

Which is poorest ? 

The black, because it is not pure. 
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Are there any springs of petroleum in tilis 
country? 

There is one in Kentucky. 

Do you know of any other kinds of springs 
besides the oily springs, and springs of good 
water? 

In Iceland there are bailing springs. 

Why are they called boiling springs ? 

Because they are as hot as boiling water. 

Are they of any use to the people of Iceland ? 

The Icelanders boil and cook their food with 
them. 

What other springs have you heard of? 

Warm springs. 

Why are they caUed warm springs ? 

Because the water that comes up from them is 
always warm. 

Where are any warm springs ? 

In Virginia. 

What very useful springs are found in the 
United States ? 
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Mineral springs. 

Why are they called mineral springs ? 

Because they have sulphur, and kon, and salt, 
and other minerals in them. 

Have they any different name ? 

Tliey are often called medicinal sprmgs. 

Why are they called medicinal spnngs ? 

Because they cure diseases, as medicine does. 

Can you mention the names of some of these 
springs? 

There are Ballston and Saratoga Springs, in 
the State of New York, and Yellow Springs in 
Ohio, and many others in different States. 

What curious springs are sometimes found in 
the sea, near the shore ? 

Springs of fresh water. 

How can it be got without mixing it with the 
salt sea-water ? 

A bottle corked tight, can be let down directly 
over the spring, and whw it is low enough, the 
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cork can be drawn out, and the fresh water will 
instantly fiU the bottle, which can then be drawn 

What are hot springs ? 

Those whose water is always hot. 

What are cold springs ? 

Those springs which are very cold in warm 
and cold weather. 

What becomes of the water that rises from 
springs? 

It runs into streams and rivers. 

Where do the rivers carry their water ? 

Into lakes and seas, and into the ocean. 

Does the water of springs always run into 
rivers or lakes ? 

Not always ; sometimes it disappears before it 
can get to a river. 

What becomes of it ? 

Sometimes it is turned to vapor, by the heat of 
the sun. 
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What do we say of water when it is taming 
into vapor ? 

We say it is evaporating. 

What- would become of the earth if the water 
did not evaporate ? 

The earth would be fio full of water, that there 
would be no soUd ground; 

Was the earth ever so full of water ? 

It was at the creation. 

Does the water of springs ever disappear in 
any other way ? 

It sometimes sinks into the earth, as the water 
of some lakes does. 

Can you tell me of one such spring? 

In Palestine, near mount Lebanon, there is a 
spring called Phiala, because it looks like the 
mouth of a vial ; and the water from this spring 
goes down into the ground. 

Has any one ever found out what becomes of 
it under groimd ? 

In the hfe-time of Herod the Great^ the spring 
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ft|i4 Hf fiitream that came out of the ground thirteen 
flulea from this spring were examined. 

How did people examine them? 

They knew ^at wood always floats upon the 
top of water; and they threw some wood into the 
leering, and it went down into the ground. 

Was it ever seen again ? 

The people who were watching the stream 
that came out of the ground thirteen miles south 
of the spring, after looking some time, saw those 
very pieces of wood come out in it. 

What did this pfove ? 

That this stream ran under ground thirteen 
miles. 

What is the name of this stream ? 

It is the river Jordan that we read so much 
about in the Bible. 

What dp you learn from this river, about 
streams that disappear ? 

That such streams do run into rivers and lakes 
when we think they evaporate. 
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What bad eflFect would happen if the water 
was not carried off out of a lake ? 

The water would become very bad, and fiM &e 
air with a dreadful yapor> which would mBiUf 
people sick. 
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When the wind passes over stagnant lakes or 
pools, and carries the bad air into other places, 
what are such winds called ? 

Pestilential winds. 

Why are they called pestilential ? 

Because they make people who breathe them^ 
have a dreadful disease, that causes them to die 
very soon. 

What are such dreadful diseases caUed? 

Pestilence or plague. 

Are there any other kinds of pestilential 
winds? 

The samiel is a pestilential wind 

Where does it come from? 

The desert of Arabia. 

What makes it so dreadfiil ? 
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It is very hot; and will destroy life inuaedi- 
atelj, if it is not guarded against. 

Do travelers know when tiie samiel is coming? 

They do. 

How do they know ? 

They see something at a distance that looks 
like a cloud of dust rismg from the ground. 
,^ What do. fliey do then ? 

They lie down, and put their faces close to the 
ground, imtil the wind has past over them. 

Is it the heat alone that destroys life ? 

It is supposed that the wind is poisonous as 
well as hot. 

What remarkable winds blow in Egjrpt ? 

They have, besides the Simoom, periodical 
winds. 

Why are they called perk)dical ? 

Because they blow only at certain seasons or 
periods of the year. 

What do you know of these winds I 
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They begin in the month of June by Uowing 
from the northwest. 

How long do they blow from this direction ? 

TiQ September, and then they change and 
blow from the north and east till February, 

What happens to the waters of the Mediter- 
ranean sea during this time ? 

The vapors that rise from the i$ea are cooled 
into mist and sometimes into rain. 

Which way is the Mediterranean sea fr<Qia 
Egypt? 

North-west and north. 

At the end of February, where do these winds 
blow from ? 

The soutii, and afterwards fit)m the south-west 
and south-east. 

In May which way does tiie wind chaaig^^ ? 

To the east. 

From April to June how does the air move ? 

The air high above the ground, moves to the 
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south, and the air nearer the ground, mdres td 
the north. 

What becomes of the vapor that rises from 
the sea? 

The higher current of air carries this vapcA* 
across Egypt ddwn to Abyssinia. 

When the vapor reaches this country, what 
becomes of it? 

It changes into rain and falls in torrents to the 
ground. 

Where does the water then go ? 

Some of it runs into the river Nile and makee 
the river overflow its banks. 

What good does this river do ? 

It passes through Egypt, where it never rains^ 
and when it overflows its banki^, the whole 
country is watered by it. 

While the upper cilrrent of air is carrying the 
vapors from the sea to the south, what is done 
by the lower current of air ? 

It takes the vapors that rise in Abyssinia after 
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the rain, and carries them to the nortli, where the 
river Euphrates rises. 

What happens to this river then ? 

When the vapor falls in rain, this river rises as 
the river Nile does, 

Howmanytimes in ayear do these rivers ri^e 
in this manner ? 

Once only. 

What is this overflowing of the rivers called ? 

Immdations. 

What would happen if there were no such 
inundations ? 

The land of Egypt would be like a desert, and 
nothing could grow there. 

Why would it be so dry and barren? 

Because they have no rain, and all their water 
comes from this river. 

How does this show the kindness of God ? 

It shows that He wUl provide for the wants ol 
man, in all countries where men live. 

How does it show His power? 
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We see from this, that He is able to bring 
water where it is needed, even when it does not 
fall from the clouds. " He causeth the wind to 
blow and the waters flow." 

When a whirlwind passes over the ocean, how 
does it aflfect the waters ? 

It whirls them up into a cohunn, high in the 
air, and then they burst and fall down. 

What if the whirlwind passes over a desert of 
sand ? 

The sand will rise as the water doe§, 

What causes a whirlwind ? 

When wind rises suddenly froni aln)iost every 
point, it is very rapid, and i^akes sand, and dust, 
and water, whirl up aiid down, and around in 
different directions. 

When they pass over land, what are they 
called ? 

Whirlwinds, 

What are they called when they pass over 
water ? 
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Water-spouts. 

How do we know that water-spouts and whirl- 
winds are caused by the same thing ? 

They both whirl around, and move forward at 
the same time, both rise after great heats, and 
both are frequent in hot coimtries. 

What is the strongest proof that they are the 
same thing? 

A water-spout has been known to move from 
sea to land, and when it had got to the laikl its 
motion was like a whirlwind. 

Are whirlwinds ever mentioned in the Bible ? 

The prophet Nahum says, " The Lord hath 
his way in the whirlwind and in the storm, and 
the clouds are the dust of his feet." 
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Why does smoke rise from the fire and go up 
through the chimney ? 

Because the air in the fireplace when heated, 
rises up and carries the smoke, which is also 
light, with it. 

When the smoke goes out of the chimney, 
why does it not fall to the ground ? 

Because it is lighter than the air below it, and 
cannot sink. 

What is this like ? 

Like oil upon water. 

Why does not the oil sink below the water ? 

Because the water is heavier than the oil. 

If you should put the oil in the basin first, and 
then pour water upon it, would the oil remain at 
the bottom? 
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It would not, but would rise through the water, 
and lie upon the top oi it. 

Why would it ? 

Because the water is so much heavier, that it 
sinks down and crowds the oil upwards. 

Why will not the smoke spread around the 
chimney, instead of rising higher ? 

Because the air above it is heavier, and crowds 
Ihe light smoke upwards, as the wrater did the oiL 

How high will the smoke ascend? 

Till it comes to air that is no heavier than itself. 

How long will it remain there ? 

Till the wind carries it away. 

What makes soap-water bubbles rise in the 
air ? 

The light air that is in them. 

If you could fill a thin bag with very light air, 
and throw it into the air, as you do soap-bubbles, 
what would it do ? 

The bag would rise. 

How high would it rise ? 



Till it came to air of its own weight. 
If you should fasten a bit of wood to it, would 
the bag cany up the wood with it t 

It would, if the wood did not make the bs^ 
■ heavier than the air around it. 
.How are baUoons made ? 



A hght bag of thin sdlk, somewhat like a lai^^ 
bubble, is filled with a kind of air lighter than 
the common air. 

How is this air kept from coming out of the 
bag? 

The bag is hned with a varnish made of India- 
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rubber and spirits of turpentine, so that it is air 
tight. 

How can a person go up in such balloons ? 

A little car is fastened to the bag, which can 
cany one or two persons in it. 

How can a balloon carry ar loaded car up into 
the air? 

The air in the bag is so very light, that it will 
go up, and when the car, with one or two people, 
is fastened to it, the whole together are so much 
lighter than the air around them, that they can no 
more stay down to the earth than smoke can. 

Do accidents ever happen to those who ascend 
in balloons ? 

Very often. 

How? 

When the balloon comes down, it sometimes 
falls into the sea, and the people in ij are injured 
or drowned ; and sometimes it strikes a tree sud- 
denly, or is dragged violently along the ground, 
and the persons in it get hurt. 
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How can a balloon descend ? 

By letting out some of the light air from the 
bag? 

How will this make the bag descend ? 

There will be less light air in the bag, to keep 
up the car, and so the balloon will be heavy and 
descend. 

What is a parachute ? 

It looks like a very large umbrella open. 

Of what use is a parachute ? 

If a balloon bag bursts, or a car upsets, and 
the man in it has a parachute, he can hold upon 
the handle of it, and keep himself from falling 
quickly to the ground or sea. 

How will the parachute hold him up ? 

While it is spread out, the air that it covers 
will support it so much that it comes down 
gently. 

How can you make a Uttle parachute ? 

By fastening strings to the four comers of a 
«heet of paper, then bring the four strings to- 
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gether in the middle, and fasten a light piece of 
•^ood to them. 

Then what must you do ? 

Carry it to a high place, and let it fall. 

HowWiUitfaU? 

Very slowly indeed. 

If you should have an open imibreUa in your 
hand while falUng or jumping from a high place, 
would you fall heavily to the ground ? 

I should not 

Why? 

The air beneath the umbrella would support 
it, and the ulnbrella would almost hold me up 
from the ground. 

How do birds keep from falling, when they 
are up in the sky ? 

They spread out their wings and the air sup- 
ports them. 

Is this the only reason why the air supports 
them? 

No ; their bodies contain a great deal of air. 
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Haw can they remain in the same place in the 
air without descending at all ? 

They strike the air beneath them with their 
wings, a very little, and. then the air re-acts or 
strikes hack again a very httle, and thus they 
keep their places. 

How do they rise in the air ? 

They strike harder against the air, and the air 
re-acts just as much, and sends them up higher. 

How do they descend ? 

By partly shutting their wings, and letting 
themselves descend by their own weight. 

How do they know exactly what to do when 
they wish to rise, or descend, or stand stiU ? ^ 

God, who made them, has taught them, aad 
they never make a mistake, or forget how to 
do it. 



LESSON SIXTEENTH. 



How are fishes able to keep themselves from 
sinking in water ? 

They have fins that spread out like the wings 
of a bird, and the water under them supports 
them, as the air supports the wings of a bird. 

But you said that the body of a bird had a 
great deal of air in it, is it so with fish ? 

Fishes have bladders of air in their bodies, that 
ipake them lighter. 

How can they sinlj down into the water wheij 
they wish ? 

God has given them the power of letting out 
the air from the bladder. 

How can they rise again ? 

God has given them the power of filling these 
bladders with air again whenever they choose. 
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How do fishes differ from birds ? 

Their fins are not so large for them as the 
wings of birds are for them. 

Why are they not made as large ? 

Because water is heavier than air, and sup- 
ports fish better, so that fishes need no larger fins 
than God has given tlienL 

H^ow do people imitate fishes when they wish 
to go into the water ? 

They take bladders filled with air and fasten 
them aroimd their bodies \mder their arms, and 
the air keeps them from sinking. 

Do they ever use any other light body instead 
of blown bladders ? 

^ Cork is so light that it will not sink in water, 
and people use it in the same way as they do 
bladders. 

What are swimming-girdles^ air-jackets^ and 
life-preserving belts? 

They are India-rubber bags, filled with air, and 
tied around the body, instead of cork or bladders. 
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What is the danger of using these bags and 
bladders? 

If they should shp down to the hips, the 
heaviest part of the body would be above them, 
and the body would instantly turn, so that the 
head would be downwards and the feet up, and 
the person would soon drown. 

What are life-boats ? 

Boats that contain tight cells along their sides 
full of air. 

Why are they called life-boats ? 

Because they take people from a sinking ship, 
and thus save them from a watery grave. 

If you should fall into the water, what must 
you do first to keep from drowning ? 

I must turn upon my back, and keep my hands 
down, with the insides of them spread towards 
the bottom. 

How must you place your feet ? 

I must let them sink lower than my body. 
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Then what parts of your body will be above 
the water ? 

Only the face and a part of the chest 

What must you do then ? 

I mTist try to breathe so as to take more air 
into my body. 

When you throw out the air as you breathe 
will not your body sink ? 

It will, a httle, for an instant. 

What effort may you make to keep from 
sinking? 

I must not make any^ except to keep my face 
out, so that I can breathe. 

What must you be careful rwt to do \ 

Not to scream or struggle. 

When may you call for help ? 

When I am a httle over my fright. 

Who are the most likely to sink, fleshy people, 
or those who are not fleshy ? 

Those who are not fleshy. 

Why? 
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Because the fat part of their bodies, is so much 
lighter than water. 

What amusing account, can you give of Marco 
Paulo? 

Marco Paulo was a priest, who Uved in the 
city of Naples seventy years ago. His bones 
were very smaU, and he was very fat. His body, 
also, would contain a great quantity of air. 
These things made him so light, that he woxdd 
swim on the sea like a duck. When he stood 
up in deep water, the water would not rise higher 
than his stomach. It is said, that when two men 
dived into the sea to drag him down with them, 
the moment they let him go, his body woxdd rise 
instantly to the surface. 

How can heavy bodies, like blocks of marble, 
be raised, when they have fallen into a harbor 
or river ? 

By fastening basks of air to them with ropes, 
when the water is low* 

Why should the water be low ? 
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Because the distance between the maxble at 
the bottom, and the casks at the top of the water^ 
would be the shortest. 

How could it be raised then ? 

When the water rises, it will bear up the casl^s 
with it, and they will carry the marble so that it 
can be taken into a boat. 

Why would not the boat sink after the heavy 
stone was placed in it ? 

One reason is, because the wood of boats is so 
light, and they spre^ out over a large space on 
the watey. ^ 
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If you should take a small glass tube, open 
at both ends, and put one end into water, what 
change would you see in the tube ? 

I "should see the water rise up into the tube. 

What makes it rise ? 

The sides of the tube draw up the water in it. 

What kind of attraction is this called ? 

Capillary attraction. 

What is the meaning of capillary ? 

Hair4ike. . 

Why is this attraction called capillary at- 
traction ? 

Because the bore through a tube is almost as 
small as that through a hair. 
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In what tubes will water rise highest 1 

In those that have the smallest bol^s ttoongh 
thetn: 

If yon take two pie<ies of flat glass,' aiid pnt 
the two lower edges together, and leave the'np- 
'pef ones a httle apart, and put the lower edges 
in water, what will happen? 

The water will rise up between them. 

What attracts the water ? 

The inner sides of the glass. 

What kind of attraction is this ? 

Capillary attraction. 

If you dip one end of a pidce of sponge into 
water, why will the water rise above that part 
that was dipped in ? 

CapUlary attraction makes it rise. 

What are the capillary tubes of sponge ? 

The little holes that we see in it. Spoligfe is 
fuU of large and small capillary tubes. 

What itiakes sponge so useful ? 
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It will hold a quantity of water, and will drink 
up water that is spilled. 

When such a substance as sponge drinks up a 
liquid, what do we say it does ? 

We say it absorbs the Uquid. 

Then what does sponge do to water, when? 
put into it ? 

It absorbs the water. 

Why will cotton and linen cloth absorb water? 

Because the cotton and linen threads of which 
cloth is made are full of pores, or very fine ca- 
pillary tubes which attract the water. 

If you take a bowl of water, and place it m 
the sun, and lay one end of a towel in it, what 
will happen ? 

After some time, the towel will be perfectly 
wet, and the bowl will be empty. 

Where will the water be tjiat was in the bowl? 

In the towel. 

How can it go from the bowl to the towel ? 
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T[%6 tabes in llie linen draw the water ocrt of 
flie bowl. ^ 

Of what use axe wicks in lamps ? 

They are a great number of capillary tubes, 
which draw up the oil from the lamp. 

Why must not the wick be smaller Ihan the 
lamp tube? 

Because there would not then be tubes enough 
to bring up the oil. 

Why must not the wick be so large as to be 
crowded tight in the tube ? 

If the wick was crowded very tightly, the ca- 
pillary tubes in it would be closed so that the oil 
could not rise through them. 

What happens when you dip one end of a 
lump of sugar into water or tea ? 

The liquid wUl rise and fill the whole lump. 

What makes it rise ? 

The capillary tubes in the sugar. 

How are large rocks sometimes spUt in Ger- 
many ? 
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Holes are bored in a straight line at certain 
distanceis from each other, and Ajfooden wedges 
driven i^to them. 

What is done after this ? 

Water is poured upon these wedges^ and the 
pores or capillary tubes in them fill with water. 

What follows ? 

The wedges begin to swell, 'and as they pour 
water upon them, they swell larger and larger 
till they burst the rock. 

Of what use is blotting paper? 

It absorbs the ink upon which it is laid. 

When sugar, or any other substance is dis- 
solved in a Uquid, what becomes of it ? 

It is divided into such very small particles that 
we cannot see them. 

How do you know that the sugar is in the 
water, if you cannot see it ? 

Because the water is sweet after the sugal* is 
put in, and it was not sweet before. 
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Does the water rise h^her in the tumbler after 
the sugar is dissolved than it did before ? 

It does not. 

What does this prove ? 

That there are exceedingly small spaces be- 
tween the particles of water ; and the particles of 
sugar fill up these spaces so that the water does 
not rise to make room for the sugar. 

What will happen when these spaces are full, 
if you put in more sugar ? 

The sugar will sink, and the water will rise in 
the tumbler. 

When water has dissolved as much sugar as 
it can, what do we say of it ? 

We say the water is saturated with sugar. 

If you should fill a tumbler full of marbles, 
could you pour sand in it without taking out the 
marbles ? 

I could. 

Where would the saiid go? 

Into the spaces between the marbles. 
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What is supposed to be the shape of the par- 
ticles of water ? 

Round. 

Then, when you put sugar into water, what is 
ithke? 

It is Uke pouring sand into a tumbler full of 
marbles. 

How large are the particles of water 1 

Very small indeed. 

When chalk powder is put into water, will it 
dissolve? - 

It will not, but will only mix with it. 

How do you know it is not dissolved ? 

I can see it in the water, and the water instead 
of looking clear, is thick and white. 

What is the difference between mixing a soUd 
in water, and dissolving it ? 

When a solid is dissolved it cannot be seen, 
neither does the water rise in the tumbler. 

How is it when mixed ? 
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It colors the water like itself, and makes the 
water rise in the tumbler. 

What are those bodies called which can be 
dissolved ? 

Solitble bodies, or bodies that can be dissolved. 

What are those called which cannot be 
dissolved? 

Insoluble Bodies. 
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"What instrument shows the effect of water 
pressure? 

A hydrostatic bellows. 



If you wish to make a hydrostatic bellows, 
what would be the first thing you would do t 

I should get two round pieces of bo^Mjugnd 
fasten them together with leather*o that tfiSr 
would rise and fall together like coimnon bellowfe. 
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What would you do next ? 

I would take a long tube, and fasten it to one 
side of the bellows, so that the lower end of the 
tube woi!ld open into the bellows. 

How would you make the tube stand erect, 
after it was fixed to the bellows ? 

By bending it up from the bottom. 

What shape must the top of the tube be ? 

Like a tunnel. 

If ^ man should stand upon the bellows and 
pour water into the tube, what would follow ? 

The upper side of the bellows would begin to 
rise to make room for the water, and raise the 
man standing on it, higher and higher till the 
bellows was full. 

What supports the man ? 

The water in the bellows. 

How can water run into the bellows, while a 
heavy man is standing upon it? 

The water along the tube presses the water at 
the bottom of it into the bellows, because its 
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ovm downward pressure is greater than that of 
the man. 

Then v/hat kind of pressure does the down- 
ward pressure of water make ? 

Sideways, or lateral pressure. 

What is the meaning of lateral ? 

Sideways. 

Then when the downward pressure of the 
water in the tube, presses that in the bottom 
feideways into the bellows, what other pressure 
follows ? 

Upward pressure. 

What causes the upward pressure of the 
water? 

The lateral or sideways pressure. 

How does it? 

When there is no more room in the bellows 
for the water to press sideways, it must press 
upward, if the water is continually running in, 
because it can go no other way. 
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How could you let the water out of your 
bellows ? 

By making a hole at the bottom of the tube. 

How can you show the pressure of air with 
the same instrument? 

Two men may stand on it, and one of them 
may blow hard into the tube, instead of pouring 
in water, and they wiU both be lifted up. 

How can they keep the air in the tube and 
bellows from coming out ? 

By putting the finger tightly down upon the top 
of the tube. 

If you fill a vial almost full of water and cork 
it, and then turn it up and down, what wiU you 
see moving up and down along the side of the 
vial? 

A bubble of air. 

If you lay it on an inclined plane, where wiU 
the bubble be ? 

Near One end of the vial. 

Where will it be if you lay it on a level table? 
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Exactly in the middle of the vial. 

How can you tell whether a table is level, or 
inclined ? 

By laying the vial on it, ajid looking at the 
bubble, to see if it is in the middle or near onp 
end. 

What useftd instrument is made in the sam^ 
way? 

A spirit level 

Can you tell how a spirit level is made ? 

A glass tube, like a vial, is filled almost full of 
colored spirit, and then closed and laid into a^ 
wooden case to keep it from being broken. 

How is it used ? , 

When people make roads and canals, they use 
these spirit levels to find whether the ground is 
level or uneven. 

What are canalai ? 

They are large, long ditches, filled with water, 
that go from one town to another. 

Why are canals made ? 
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Because there are no rivers in just these places 
where men want them, and so they make rivers 
for themselves, for boats to sail upon. 

Where do they get the water to fill their 
canals ? 

From the rivers near them. 

What is done when a canal must go across a 
river? 

They make tight stone bridges, which carry 
the water in the canal safely over the river. 

What are such bridges called ? 

Aqueducts. 

What is the meaning of aqueduct 1 

^g'wa. means water, and duct means leader. 

Then what do you mean by aqicedtcct ? 

A water leader. * , , 

Why is it called a water leader ? 

Because it leads the water of canals across 
rivers. 
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If I should take a glass tube, open at both 
ends, and put it into a bowl of water, and then 
press down the water around the tube, what 
would it do ? 

The water would rise up into the tube. 

What would make it rise into thQ tube ? 

Your hands would press down the water 
around the tube, and the water could not help 
rising in the tube. ' 

What is mercury ? 

It is a hquid metal that looks like melted 
silver. 

What is mercury sometimes called ? 

Quicksilver, or Uquid silver. 

K I should put quicksilver or mercury into the 
bowl, instead of the water, and then press it 
down, would it rise in the tube ? 
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It would ; but not as high as the water rose, 
unless you pressed upon it more than you did 
upon the water. 

"Why would it not ? 

Because mercury is so much heavier than 
water. 

If I could take all the air out of the tvf&e, and 
stop the upper end, and put the other end intq 
the water, would the wat^r rise in the tube, if I 
did not touch it ? 

Itwpuld. 

What would make it rise ? 

The air. 

How could the air make the water rise in the 
tube? 

By pressing down upon the water in the bowl. 

What does this prove ? 

It proves that the air has weight. 

What is the name of the instrument, made of 
isiuch.a tube apd bowl of mercury? 
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Barometer. 

What is the meaning of the word barometer ? 

It means a measurer of air. 

When the air is so heavy as to press up the 
mercury high into the tube, what weather do we 
have ? 

Clear, pleasant weather. 

Why is the weather pleasant then ? 

Because the air is heavy enough to hold up the 
clouds, and prevent them from falling down. 

How can you tell when the air grows lighter ? 

ilie mercury sinks in the tube. 

What makes it sink ? 
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The air does not press so heavily upon the 
mercmy in the bowl, and so the mercnry cannot 
rise as high in the tube. 

What weather do we have when the mercury 
sinks in the tube ? 

Stormy weather. 

Why do we have stormy weather ? 

Because the air is not heavy enough to hold 
up the clouds, and so they fall down in rain. 

Then what good does a barometer do us ? 

It shows us what weather to expect. 

Who always need barometers ? 

Captains of ships. 

Why do they need them ? 

Because a sudden storm would destroy a ship 
sooner than it would a house. 

How would a barometer prevent a ship from 
being destroyed ? 

The captain would see the mercury sinMi^ in 
the tube, and would immediately prepare the ship 
for the storm, and thus save it. 



132 BAROMETER-»GOOD EFFECTS. 

Can you relate a story of a captain's saving 
Ai8 ship, because he had a barometer ? 

Dr. Amot gives the account. He was in the 
ship at the time. He says they were in the 
southern hemisphere. The sun had just mildly 
set, closing a beautiful afternoon. The evening 
amusements were going on as usual, when sud- 
denly the captain's orders came, to prepare with 
all haste for a storm. The mercury in the ba- 
rometer had begun to fall with awful rapidity. 
As yet, the oldest sailors could see nothing like 
a storm in the sky, and were surprised at the 
greatness and hurry of the preparations. But 
before every thing was quite ready, a hurricane 
came on them, more dreadful than the oldest of 
the sailors had ever known. Nothing could re- 
sist its power. The sails were torn to tatters, 
the masts injured, and, at one time, the whole 
* rigging was near being destroyed. So loudly, 
for a few hours, did the hurricane roar above, the 
waves around, and the dreadful thunder peal, 
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that no human voice could he heard ; even the 
speaking-trumpet sounded in vain. 

On that awful night, if it had not been for the 
little tube of mercury which gave the warning, 
neither the strength of the noble ship, nor the 
skill and activity of her commander, could have 
saved one man to tell the tale. 
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How high above the earth does the air extend ? 

Forty 'jive miles. 

Then how many miles of air press down upon 
the mercury in the bowl ? 

Forty-five miles of air. 

If the tube was as large as a pump, and tite 
bowl as large as a cistern, would the water fee 
in the tube ? 

It would. 

What would make it rise ? 

The weight of the air pressing upon the watei 
aroimd it. 

Then what is a pump ? 

A large tvibe with the upper end closed. 



-ki. 



PUMPS. 135 

If there was any air in the pump, would the 
water rise in it ? 

It woliiid not. 

Why would it not ? . 

Because the air and water could not be in the 
same place at the same time, and the air would 
have no place to go out. 

If the top of the pump was taken off^ would 
the water rise in it then ? 

It would not. 

Why would it not ? 

Because the air above the tube could then 
press down through the tube, and kieep the 
water from rising. 

How could the air be taken out of the pump ? 

By making a stopper just as large as the hole 
through the pump, that can sUde up and down 
in it. 

How could this drive out the air in the pump ? 

If I should press it down to the water, and 
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then draw it up, there would be no air below the 
stopper. 

Why would there be none ? 

Because the stopper is just as large as the hole 
and the air could not get below it. 

What would be below it ? 

Nothing but water. 

What would the water do ? 

It would rise as fast as the stopper rose. 

What would make the water rise ? • 

The air that pressed upon the water in the 
cistern outside of the pump. 

How could you raise as much water as you 
wish? 

By pressing the stopper up and down several 
times. 

How could the water get out of the pump, 
aflter it was raised up ? * 

By having a spout on one side of the pump. 
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Here is a picture erf" a pump. 



What is the stopper in a pump called ? 
It is called the piston. 

How high will the water rise in a tube where 
there is no air ? 
Thirty-fcmr feet. 
Why will it rise no higher ? 
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Because the air does not press heavily enough 
upon the water in the cistern, to raise the water 
any higher in the pump. 

What does this prove ? 

It proves that thirty-four feet of water weighs 
just as much as forty-two miles of air does. 

Then which is the heaviest, air or water ? 

Water. 

Would the mercury rise thirty-four feet in a 
tube? 

It would not. 

What does that prove ? 

That mercury is heavier than water. 

If the piston in the pump had a, hole through 
it, what would happen when you press it down 
mto the water? 

The water would rise up through the hole. 

How could you press down the piston ? 

By having a long pole fastened to the piston, 
with a handle at the top of it. ^ 

When the water has come up through the hole 
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in the piston, how csiii it be kept from running 
back into the cistern again ? 

By fastening a Uttle leather cap over the 
piston, that would be lifted up. 

How could the cap be lifted up, when the 
piston is down in the pump ? 

When I plish down the piston into fee water, 
the water would press up and lift up the cap, and 
come through. 

Then when you draw up the piston what will 
become of the water ? 

The water that has come through the hole in 
the piston will shut down the cap, and I could 
draw it up. 

What is this cap called ? 

It is called a valve, or httle door 
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How do bojTS make the plajrthings which they 
call Slickers ? 

They take a round piece of wet leather and 
fasten a string in the centre of it. 

How do they use it ? 

They press the leather very closely to the 
stone which they wish to lift, and then when 
they lift up the leather with the string, the stOne 
comes up with it. 

What makes the stone rise too? 

When the string pulls up the leather, it 
stretches the leatiier, because it is wet, so that 
nothing but its edges touch the stone. 

Then what is between the leather and the 
stone ? 
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Nothing, not even air. 

How do you know there is no air under the 
leather ? 

Because the edges of the leather are fixed 
so tightly to the stone, that no air could get 
under it. 

Then what keeps the stone, and leather so 
tightly together? 

The air pressing upon the leather, and upon 
the stone. 

What does this prove ? 

That air has weight. - 

What if the edge should be lifted up. on one 
side 1 

The air would get between the leather and 
the i||pne. 

Could you lift the stone with the -sucker 
then? 

I could not. 

Why CQvld you not? 
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Because the air under the sucker would press 
it up, while the air above was pressing down. 

Then when you wish to raise any thing with a 
sucker, may you have any air between the sucker 
^. and the weight ? 

I must not. 

How can a fly walk upon a window-glass ? 

Its feet are much^ like suckers, and are kept 
upon the glass by the pressure of the air. 

How can they take them up from the glass, 
so as to walk aS fast they do ? 

God has given them trfe^power of letting the 
air under their feet very qi^^kly, whenever they 
wish to stop. ^ » ' 

Are therfe any oth» aiiimals that walk over 
smooth surfaces by means of such feet ? 

The'hzzard that lives in the island of Java, 
walks up a smooth wall in the same way, to 
catch flies ; and the large walrus walks upon ice 
easily, because his hind feet are shaped like a 
sucker. 
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Can you mention one more example ? 

There is a fish in the ocean, called Remora. 
which fixes itself upon the sides of a ship, or 
upon a large fish, and thus travels from one part 
of the ocean to the other without the trouhle of 
swimming. 

How does it fasten itself upon the ship or 
fish? 

Ijt has a kind of sucker upon its head, which 
it fixes to the ship, and the water presses it close 
to the diip-side. 

If you should cork an empty bottle, and let it 
down deep iato the sea, what would happen to 
the bottle? 

It would be crushed. 

What would crush it? 
. / ". . The water pressing all around it would crush 
. it in. 

What does this prove ? 

It proves that the pressure of water is greater 
than the pressure of the air. 
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If you fill the bottle with water and coA it, 
and then let it down into the sea, will it be 
crushed? 

It win not. 

Why willitnot? 

Because the water in the bottle presses out 
ward, as much as the water around the bottle 
presses it inward. 

If you should take a tight barrel filled with 
water, and make a hole on one side for the water 
to run out, would it flow ? 

It would not. 

Why would it not ? 

Because there would be nothing to press it 
down. 

How could you make the water run? 

By making a hole in the top of the barrel, v 

What good would that do ? 

It would make a place for the air above the 
barrel to press down upon the water in the 
barrel. 
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Then when you wish to have the fltiid in the 
barrel run out at pne end, what must you always 
do? 

I must take out the hung^ to let the air come 
-*^into the barrel. 
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If you throw a stone into water, what will the 
water do ? 

It will move in little waves shaped like circles, 
and these circles will grow larger and larger, 

When the steeple clock strikes, what 4oes it; 
cause the air to do ? 

It makes the air move around it in circular 
waves, just as the water does when a stone is 
thrown into it. 

Whea one of the ckcles reachep your ear, 
what do you say? 

I say that I hear the clock striking. 

Then what is sound 

Sound is air coming against the ear. 

What are these circular motions, or waves of 
the air, called? 

They are called vibrations of the air. 
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What two things axe necessary thd^i to make 
a sound? 

Air land tiie ear. 

How is it known that air is neeessaiy to make 
a sound? 

A hell has been rung in a glass vessel, when 
the air was taken out of it, and it made no sound. 

If a cannon should be fired several miles off, 
would you hear it the moment it was fired? 

I should not. 

Why would you not ? 

Because it takes some time for the waves 
made by the camion to reach my ears. 

What brings the sound of the cannon to your 
ears? 

The air. 

Then what may we call the air ? 

A conductor of sound. 

Why do we hear a bell ring more distinclly, 
when the wind blows towards us from the beU ? 

Because it brings more waves of air to our 

K 
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' ears than would reach uSj if the wind did not 
blow that way. 

When the wind blows in a diflFerent direction^ 
how does the bell sound ? 

Very faint> and sometimes we cannot hear it 
at alL 

Why is the sound so faint ? 

Because the wind blows almost all th6 waves 
of air away from our ears. 

If you strike two stones together in water, 
can you hear the soimd as plainly as you can in 
the air? 

I can. 

What does this prove ? 

It proves that water is a good conductor of 
sound. 

Which is the best conductor of sound, water 
or air? 
Water. 

How can it be proved ? 
If a bell should be rung in water by one person, 
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and* another person at a distance should put his 
head under the water, it would soimd much 
louder than if the bell and the person were out 
of the water. 

If you lay your ear upon 6ne end of the table, 
and I scratch the other end of the table with a 
pin, will you hear it ? 

Yes ; and it will sound very loud. 

What does this prove V 

It proves that wood is a good conductor of 
sound. 

Why do animals seem to know an earthquake 
is going to take place, sooner than men do ? 

Their heads are so near the ground that they 
hear the rumbling sound first. 

What does this prove ? 

It proves that the earth is a good conductor of 
sound. 

Can you repeat a story that shows what good 
it has done to know that the earth was a good 
conductor of sound ? 
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Several years ago, there was a war in Greece, 
The Greeks fought against the Turks, because 
the Turks had got their lands away from them, 
and treated them very cruelly. In one of the 
Greek cities there was a strong tower. The 
name of the city was Missolonghi. A great 
many Greeks had fled to this tower to get away 
from the Turks. The Turks came and tried to 
destroy the tower. It had a great quantity of 
powder in the cellar, for the Greek soldiers to 
use. After trying to destroy it a good while, the 
Turks went away as if they were not going to 
try any morfe. They began to dig a hole at 
some distance from the tower. The Greeks did 
not know what it was for ; but soon one Greek 
began to think that the Turks were digging a 
hole imder ground to reach to the cellar of the 
tower. He thought that they would lay tow all 
along, from the powder in the cellar to the be- 
ginning of the hole, and then set fire to the tow. 
This would bum till the fire got to the powder in 
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the cellar, and then that would take fire and blow 
up the tower and all the people in it. 

What did the Greek do ? 

He piled up some stones in the middle of the 
cellar, or magazine, and put four smaller stones 
very loosely upon the tip. Then he watched 
these four stones till he saw liiem s^ake. As 
soon as they began to shake, he put his ear down 
to the earth, and could hear which way the soimd 
came from. As soon as he found out which way 
the sound came from, he began to dig down, and 
soon came to the tow that was laid there all 
ready to be set on fire This he destroyed. 
When the Turks had set the farther end on fire, 
they waited at a distance to see the tower blow 
up. When they found that it did not blow up, 
they began to dig somewhere else. 

What did the Greek do then ? 

He kept watching the stones, and soon saw 
them shake again. Then he put his ear down 
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and heard the noise, and dug again tiU he came 
to another train of tow, and destroyed that 

Did the Turks try again? 

They did several times ; but after some time 
they began to think that the Greeks knew what 
they were doing, and so they gave over trjring to 
blow up the tower. 
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How fast does sound pass through the air ? 

About a mile in six seconds of time. 

Then if you should see the flash of a cannon, 
and could count thirty seconds before you hear 
the first sound, how far oflF should you say the 
cannon was ? 

It would hejfive miles off, 

How could you tell 1 

If it goes one mile in six seconds, it would go 
five miles .in thirty seconds, because there are 
five times six: in thirty. 

If it should lighten, and you should not hear it 
thunder till you had counted eighteen seconds, 
how far oflf should you say the thunder-cloud 
was? 
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Three miles oflF. 

How would you find out that ? 

There are three times six seconds in eighteen 
seconds, and if six seconds would bring the 
sound one mile, eighteen seconds would bring 
the sound three times as far, which would make 
three miles. 

If you speak very low, what wiU the air 
around you do ? 

It will begin to move or vibrate in circles, that 
will spread farther and farther. 

If these circles spread -till they strike against a 
high rock, what will happen to them ? 

The rock will reflect or send them back, just 
as it would a ball, if you threw one against it. 

If the circles made by the refleotion of the 
rock should ^ome back to your ear, what would 
you say ? ^:^ 

I should say I Iteapi the echo of my voice. 

Then what is an^^b ? 

An echo is sougl^Hl^back again. 
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What will send back sound ? 

Rocks, walls, and i](ioimtains, if they axe near 
enough, and not too near. 

How near must they be, in order to make an 
echo when you speak very loud ? 

So near that the circles made by my voice can 
reach them, and that they can send the circles 
back to me. 

If the rock should send its circles to another 
rock that would send them back to your ear, 
what would you hear ? 

I should hear two echoes. 

How would it be if a great many rocks should 
do the same ? 

I should hear several echoes. 

Are there any places wherQ several echoes cai^ 
be heard ? 

There are many in the world. 

Can you mention one in the United Stales ? 

At Lake George, there is a place where a per- 
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son can stand and call out very loudly, and ho 
will hear several echoes. 

What curious echo is there in England ? 

At Woodstock, there is an echo that will re- 
peat seventeen syllables ; and on the north side 
of the church at Sussex, the echo will repeat 
twenty-one syllables. 

What one still more wonderful can you 
mention? 

In Italy, near the city of Milan, there are two 
walls of a building that face each other, and a 
petson standing at a window between them, can 
hear the echo repeat one word more than forty 
times. 

How is it when a pistol is fired there ? 

The echo repeats thQ sound sixty times. 

What can you say^ the Whispering Gallery 
of St Paul's chui»Mt London ? 

If a person whispers very softly close to the 
wall on one si^e of the gallery, it will be echoed 
so that if another person puts his ear close to the 
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wall on the other side of the gallery, he can hear 
every word distinctly. 

What is an Eohan harp ? 

A musical instrumenrmade with strings. 

Can you describe it. 

Strings or wires are stretched very tightly from 
one fastening to another, and placed where the 
wind can blow upon them. 

What does the wind do to the strings ? 

It makes them strike against the air, and when 
the circles made by them reach your ears, you 
hear very sweet sounds. 

What very large one was made in Milan many 
years ago ? 

Gattoni stretched seven strong iron wires from 
the top of a tower fifty feet high to the house of 
Signer Mascati. 

What was it called ? ^ * 

The Gianfs Harp. 

Why was it called the Giants' Hsurp ? 
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Becatuse^ when the wind blew, it sent forth 
such lengthened peals of music ; now it was a 
loud chorus, and then it died away in soft mur- 
mnrii^. In a storm it was heard several 
miles. 
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Into how many colors may light be separated? 

Light may be separated into seven colors. 

What are the names of these colors ? 

Violet, indigo, blue, green, yellow, orange, red. 

When light shines upon a she6t of paper, how 
can you see the paper? 

By the Ught which the paper reflects or throm 
hack to my eyes. 

Would the paper reflect (dl the light that 
shines upon it ? 

If it was white paper, it would. 

How do you know that white jiaper reflects aU 
the light that falls upon it ? 

Because it takes all the seven colors to make 
white hght, and the paper looks white, which it 
could not do, if it did nof reflect all the seven 
colors. ^ ' 
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How do you know that it takes all the seven 
colors to make white ? 

Because, if you separate a ray of light by a 
prism, it will be changed into just seven colors, 
and no more ; and if you bring all these seven 
colors together again, they will be changed to a 
ray of white light. 

Do all bodies reflect all these colors ? 

They do not ; some reflect one color, and some 
another. 

What becomes of those colors which the body 
does not reflect ? 

That body absorbs them. 

What do you mean by a body's ahsorUng 
colors ? 

It seems to take them into itself, so that we 
cannot see them. 

If a body should absorb aU the colors and 
reflect none, what color would it have ? 

It would not have any color. 

Then what should we call it ? 
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We should call it a Hack body. 

Then is black a real color? 

It is not. 

Then when we say a body is black, what do 
we mean ? 

We mean that the body has no color. 

And when we say a body is rvMte, what do we 
mean? 

That it has all the seven colors. 

If it absorbs all the colors but the red, and re* 
fleets the re J, of what color will the body be ? 

It will be a red body. 

What color shall we call it, if it reflects the 
green, and absorbs all the rest ? 

We shall call it a green body. 

How can you tell which color a body reflects, 
and which it absorbs ? 

It will be of the color it reflects, and we shall 
know it absorbs all the other colors but that. 

Then how do we see any object ? 

By the color it reflects to our eyes. 



152 C O L O R B . 

What is the reflection of light Uke ? 

Like the reflection of sound. 

Can you explain it ? 

The sun shines upon a green leaf, and the leaf 
reflects the green color to my eyes, just as a per- 
son stands out of my sight and calls, and the 
rock on which the sound of his voice falls reflects 
it to my ear. 

Why do not all bodies reflect the same color 
and absorb the others ? 

Because the particles of bodies are put together 
differently, so that one body can reflect one color, 
another all of them, and another none. 

Which would reflect all ? 

Kwhitehodcy, 

Which would reflect ncme ? 

A black body. 

If you should go into a perfectly dark room, 
and let in a ray of light through a small hole, and 
put a prism over this hole, what would the prism 
do to the light that came though it ? 
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It would separate it into the seven colors. 

Would all these colors.be mixed together? 

They would not. 

How would they be ? 

They would lie one beneath the other very 
distinctly, like the rainbow. 

Then do they all go through the prism in a 
straight Une together ? 

They do not ; they are broken and turned out 
of the straight line. 

When a ray of light is broken and turned out 
of a slraiglit line in passing through a body, what 
do we say of it ? 

We say the light is refracted. 

What is the meaning of refract ? 

To break. 

When is light refracted 7 

When it is broken. 

If you should put a piece of white paper into 
the blue ray that has passed through yoinr prism, 
of what color would the paper be ? 

L 
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It would be bhce. 

Why wjDuld it be blue ? 

Because it could reflect only the blue color. 

Why would it not be white ? 

Because it must reflect the seven colors to 
make white, and there is but one for it to reflect 
when the blue alone falls upon it. 

If you should put the paper into the yellow 
ray, of what color would it be ? 

It would he yellow. 

What does this prove ? 

It proves that bodies are of the color which 
they reflect. 

Then if no light should fall on a body, would 
it have any color ? 

It would not. 

Why would it not? 

Because there would be no color for it to 
reflect. 

When a body does not reflect any color, what 
do we call it ? 
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A hlacJc body. 

If a room is so daxk that no light can enter it, 
of what color will the objects in the room -be ? 

They will be of no color, because there is no 
color to be reflepted. 

Then what must we call them as Joi^ as they 
are in the dark ? 

We must call them black bodies. 

Can we ever see them when they are made 
black in this way ? 

We cannot ; because we can see nothing when 
it is perfectly dark. 

Why can we see a tree upoii the top of a hill 
at a distance, plainer tiian we can see one on a 
plain or in a valley, at the gs^me diats^nce ? 

Because the sky behind the tree on the hill 
is so much lighter than the tree, that we can see 
the shape of the tree very distinctly. 

Why is not the tree in the valley as distinct as 
the one on the hill ? 

Because the green color of the grass behind 
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the tree seems to mingle with the green of the 
tree, and we cannot distinguish the one from the 
other. • 

Why can we see a white house at a (^stance, 
plainer than we can see a tree at the same 
distance ? 

Because there is so great a difference betweeni 
a white object, and a dark one. 

If you wish to make a room very light, what 
should you do besides having many windows 
in it? 

I would have it pamted white, and the walk 
should be white, or papered with very light col- 
CHred paper. 

• Why would light paint and paper make a room 
ligMer than dark paint and paper, if there was 
the same number of windows in it? 

Because white walls throw alt the light that 
Sedls upon them back into the room, and dark 
walls absorb a part of the light, and reflect only 
a part into the room. 
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Why do people who have weak eyes, wear a 
green shhde over them in the day time, when 
reading ? 

To keep the hght that is reflected from the 
walls of the room from coming into their eyes. 

Why do they wear them when reading by 
candle light? 

To prevent the rays of light that come from 
the candle, from entering their eyes. 

Is heat reflected in the same manner that light 
is? 

It is. 

Then why is a white dress so cool in summer ? 

Because it reflects the heat of the sun. 

Why is a black dress so warm ? 

Because it absorbs all the heat and reflects 
none. 

When the heat of the sun falls upon the side 
of a moimtain white with snow, what becomes of 
this heat ? 

It is reflected in every direction. 
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If a ™Ueyi, ^rroonded ^ such moi-taia,. 

will it \)e warm or cold? 

It will be warm. 

Are there any such valle js ? 

"There are valleys in Switzerland surrounded 
by such mountains, that receive so much reflected 
heat from every side, that they are always green, 
though they ate in the midst of perpetual snow. 



LESSON TWENTY-FIFTH- 



How high from the earth does the atmosphere 
extend? 

About forty-fiv6 mil6s. 

From what does all our light come ? 

It comes from the sun. 

When the rays of light, in coming from the 
sun, enter the atmosphere, what happens to 
them? 

They are refracted, or broken and turned out 
of their course. 

What refracts them ? 

The atmosphere. 

Does it also separate the light into different 
colors, like the prism? 

It does not ; it only breaks them. 

If the atmosphere becomes more dense or thick, 
how would the light be refracted ? 



170 REFRACTED LIGHT. 

It wotild be refracted more and more, the more 
dense the atmosphere becomes. 

When light passes through a prism, which 
colored ray is refracted the most, or turned the 
farthest out of its course ? 

The violet. 

Which is refracted the least ? 

The red. 

What is it that refracts the light ? 

The glass of which the prism is made. 

If light passes through water, is it refracted 
more or less than when it passes through the 
atmosphere ? 

It is refracted more. 

If a stick is put into water so that one part 
of it is in the water and the other part out, how 
will the light be reflected from each part ? 

It will seem to come stra^ht to your eye fitmi 
the upper part of the stick, and the stick will ap- 
pear broken were it goes into the water. 

What will make it seem broken ? 
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The rays of ligiit from the lower part of the 
ftbk are turned so much out of their course by 
the water, that when they enter the air they turn 
partly bade again, ^nd come wi<h the oihem to 
your eye, and thus the stick appears bent or 
broken, becaui^e the rays of light that come from 
it) are really bent. 

Why does water refract light more than tha 
atmosphere ? 

Because it is more d^nse than air. 

Then what bodies refract %ht most ? 

The densest bodies through which light can 
pass refract it most. 

Why does the sky or atmosphere look Wue ? 

The rays of light come from the sun, pass 
through the abnosphere to the earth, and are re- 
flected back through the atmosphere, and tl^ blue 
rays are stopped on their way and reflected again 
to our eyes. 

What become of the other colors ? 

They pass on through, without being reflected. 
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4 

Why are die blue rays stopped ? 

Because they do not seem to have mongLentoia 
enough to cany them through. 

What did you say was the meaning of nuh 
merUum? 

The power and velocity of a body put together. 

Then what do you mean by the momentum of 
a blue ray ? 

Its power to carry itself through the atmosphere. 

Which color has the greatest momentum ? 

The red. 

If the atmosphere should become very thick or 
dense, what would be the effect upon the light 
that passes through it ? 

None of the rays but the red would have mo- 
mentum enough to pass through the atmosphere. 

When does the sun look red ? 

When it is seen through a fog or vapor. 

If the atmosphere did not reflect any of the 
sun's rays, how would the sky appear ? 

Perfectly black. 
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When bodies do not allow any light to pass 
through ihem, what do we call such bodies? - 

Opaque bodies. 

Can you mention an opaque body ? 

A piece of wood, or marble, or iron, is opaque. 

How can you tell? 

By holding them up, to see whether the light 
will pass through them. 

When a body permits light to pass through it, 
what kind of a body is it called ? 

A transparent body. 

Will you mention some transparent body? 

Glass is transparent. 

Why is it transparent ? 

Because light can pass through it. 

Is water transparent ? 

It is. 

Then why is it more difl&cult to see bodies dis- 
tinctly through a fog than when the air is clear ? 

The fog refracts these rays of light that bodies 
reflect through it, so much more than air does, 



.174 mBVRACTED LIOHT. 

Aat we oranot dislingaish the size and shape of 
those bodies rerj w^ ; they seem much laiger 
than they really are. 

Gim you relate a stoiy about a singular mis- 
tak^y^eaused by a dense fog or mist ? 

A shepherd, upon oile of the Cumberland 
moimtains, in Europe, was suddenly surrounded 
with a thick fog. Every thing seemed so very 
large, that he lost his way. He tried to find 
some object that, he knew, and by which he coiild 
find where he was, and where he ought to go. 
He soo(n came to what seemed to be a very 
large mansion, which he did not remember of 
having seen before. He went into it to inqtiire 
the way home, and there foxmd his own family. 
It was his own cottage. The fog had deceived 
him so much that it was some time before he could 
believe the fact 

Do clouds ever reflect shadows of objects &at 
are befc»re thraa ? 

They da 
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Will jxm mention one instance ? 

Forty years ago, a Mr. Hane went tip the 
Hartz mountains, in Germany, at a place called 
the Broken. As he looked towards the south- 
west, he saw, at a very great distance^ the figure 
of a man as large as a giant. Just then, a gust 
of wind almost blew off his hat, and he raised his 
hand to his head^ to keep on his hat. The figure 
did th^ same; He then bent his bddy, as if to 
salute it. The figure returned it at the same in- 
stant. He then went back and took another man 
with him. They then saw two such giant 
figures ; and all that these men did, the figures 
imitated. 

What was the cause of this appearance ? 

When the sun is rising or setting, and throws 
his rays over the Broken, upon the fine light 
clouds floating around, if a man comes between 
the rays df light and the cloud, the shadow of the 
man will be seen on the clouds opposite him, 
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and all his motions will be represented by his 
shadow. 

How large will his shadow be ? 

It will extend jfive or six hundred feet. 

How far from the man will it be ? 

Ttvo miles off. 

What name have the ignorant people in that 
country given to this immense shadow ? 

They call it the Spectre of the Brokers, 
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From the Hartford Watchman. 

This author has unusual skill m writing a child's book oi natural science. 
We can testify to the adaptedness of her former work to the minds of 
children from observation ; and this last surpasses it in some respects. 
Children are better pleased with ideas than woras ; and it would not be easy 
to find a spare wora in the whole of this little book. It is beautifully on- 
cise and sunple. * 

From the New Haven Palladium. 

Its contents are admirably adapted to their capacities, the science being 
illustrated by the things most familiar to their sight and undastanding. 
The " First Fart*' of the same work was extremely well receiveo. 

From the New York Weekly Messenger. Ji' 

So simple, plain, easy, instructive, and entertaining, that the chil^ ,un^ 
der the caie of a suitable teacher, is anxious to go forward until the TOhole 
is learned. When the tasks of children are thus rendered pleasing instead 
of pauifttl, there if not only a hope but a certainty of improvement. 
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From ihi CotmedietU Obterver. 

This littljD Tphim^ 19 an admirable counterpart to the first that was pub- 
lished, and which exhibited the tact of the writer for addressing jonthfnl 
minds on subjects of this nature. It shows how soih a subject can be made 
interesting to those who, in the earliest deyelopments of thought, begin to 
in(juire into the sense of things, and are full of curiosity with regard to the 
objects ifttmnd them. The modes of explanation are very judicious ; the 
style as it should be, simple ; and the cham of coosecutive reasoning clear- 
ly, and brightly preserved. It is matter of rejoicmg to all parents and 
teachers of youth, that minds like that of the writer, are devoting their 
powers to such woiks^— forming a new era in the juvenile literature of the 
country. 

From iU Fail River Monitor, 

The lessons are admirably adapted to the capacities of children. Part 
Fiist is now used in the schools m this town, and w« hop* Pait SecoM 
may be introduced without delay. 

From the New York Plaindealer, 

This book is obviously the production of one ^^10 understands the wants 
and capacities of very younff students, and what is mom nie^ indwEStands 
how to accommodate hierseli to their immature intellectB. 
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